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(54) PFC TYPE GAS RECOVERY METHOD AND DEVICE 



(57) The present invention aims to provide a proc- 
ess and an apparatus for recovering a PFC gas, which 
can readily bring cooling traps to a cryogenic tempera- 
ture with a low-capacity refrigerator and can recover a 
high-purity PFC gas by applying deep freeze separation 
without the need for a multistage fractionator. To 
achieve this object, the present invention relates to an 
apparatus for recovering a PFC gas from a mixed gas 
containing the PFC gas discharged from a vacuum 
processing chamber (etching chamber), comprising a 
cooling trap connected to the exhaust system of the 
vacuum processing chamber and adapted to freeze and 
collect a mixed gas discharged from said vacuum 
processing chamber, a non-PFC gas removal system 
for removing gases other than the PFC gas from the 
regenerated mixed gas emitted by vaporization of said 
frozen and collected gas after the operation of said cool- 
ing trap is stopped, and a recovery means for recover- 
ing a high-concentration PFC gas freed of gases other 
than the PFC gas in said non-PFC gas removal system, 
as well as a process therefor. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a process s 
and an apparatus lor recovering a PFC gas used in 
semiconductor manufacturing processes such as an 
etching process. 

PRIOR ART 70 

[0002] Certain perfluorinated compounds and fluor- 
ohydrocarbon compounds used in semiconductor man- 
ufacturing processes, such as etching processes, 
contribute to the so-called greenhouse effect and 75 
remain in a stable state for a long periods, namely sev- 
eral to hundreds of times longer than that of carbon 
dioxide. Therefore, these remain undecomposed for a 
long period, and their contribution to warming is thou- 
sands to tens of thousands times higher than that of car- 20 
bon dioxide. Gases which contribute considerably to a 
greenhouse effect include CF 4l C 2 F 6 , C3F B , C2F4, 
CHF 3> C 4 F B , NF3, etc., which are generally referred to 
as PFC (perfluoro compound) gases and pressure has 
been mounting for control of the emission thereof. At the 25 
Kyoto COP3 (Conference on United Nations Framework 
Convention on Climate Change) held in Kyoto in 
December 1997, a motion was passed for control of 
greenhouse effect gas emissions including a 6% reduc- 
tion in carbon dioxide and other gases to below 1990 30 
levels by 2010, and a 6% reduction of PFC, HFC, SF 4 to 
below 1 995 levels by 201 0. 

[0003] PFC gases used in semiconductor manufac- 
turing processes have a comparatively limited influence 
on global warming, that is, greenhouse effect at present 35 
since the rate of emission thereof, Is far lower than that 
of C0 2 . However, as noted, such PFC gases have a 
long life in the atmosphere to result in a high global wan- 
ing factor for 100 years. Thus, the following approaches 
have been proposed to reduce the emission of PFC 40 
gases. 

[0004] These approaches include optimizing proc- 
esses by using a circulation cycle or the like to reduce 
the amount of PFC gases used, recovering PFC gases 
to recycle them, seeking alternative gases and develop- as 
ing the corresponding processes, or disposal after 
decomposition and detoxification. 
[0005] Among them, the method of recovering PFC 
gases to recycle them uses membrane separation, 
adsorption separation or deep freeze separation. Mem- 50 
brane separation relies on differences in permeation 
rates at which gaseous molecules pass through a mem- 
brane, and simultaneously accomplishes recovery and 
concentration by providing an apparatus for recovering 
and concentrating a PFC gas following use of an appa- 55 
ratus for removing non-PFC gases. Adsorption separa- 
tion relies on differences in adsorption performance 
depending on the pressure at which gases are 



adsorbed to an adsorbent. Deep freeze separation' 
relies on differences in vaporization curves of gases, 
i.e., differences in the boiling points of gases, as shown 
in Fig. 1 , to selectively separate a target PFC gas by col- 
lecting said PFC gas in a trap at a temperature slightly 
lower than the boiling point of said PFC gas and raising 
the trap temperature to a temperature slightly higher 
than the boiling point of said PFC gas. 
[0006] However, membrane separation involves the 
following disadvantages. 

1) Gas under high pressure needs to be supplied to 
the membrane, and thus a vacuum cannot be used. 

2) membrane recovery can not effect recovery and 
condensation of a small flow of PFC gas as used in 
etching or the like. That Is, the PFC gas to be con- 
centrated escapes to a permeation side of impure 
gases. Particularly when the concentration of the 
PFC gas on the feeding side is high, a larger part of 
the PFC gas permeates. Thus, the concentration of 
the PFC gas should be lowered by means of some 
other gas (N 2 or the like) to ensure an adequate 
flow rate. 

3) The concentration of the PFC gas concentrate or 
the concentration of impurities varies with the con- 
centration or flow rate of the feed PFC gas, 0 2 or 
N 2 . Some means for controlling variation such as a 
backup tank is required. 

4) The gas supplied to the membrane should be 
pretreated to remove acid gases, or the membrane 
will degrade. This pretreatment incurs additional 
costs. 

5) These conditions need a powerful and large 
compressor or a large buffer container or the like, 
which leads to a large-scale equipment occupying a 
large installation space. 

[0007] Deep freeze separation also involves the fol- 
lowing disadvantages. 

1) Only a PFC gas cannot be condensed and 
vaporized from a mixture of a plurality of gases, but 
some other gases of the mixed gas are included. 
Therefore, a multistage separation and regenera- 
tion system is required for a concentration similarly 
to fractional distillation of gases or liquids, which 
also requires large-scale equipment 

2) A powerful refrigerator and a large fractionator 
are required because the multistage fractionator 
can not be provided in a vacuum piping for the lack 
of space but must be run under atmospheric condi- 
tions on the outlet side of a vacuum pump. 

3) Concentration to some extent and a fair amount 
of gas are needed at the previous stage. 

[0008] In view of the above, the present invention 
aims to provide a process and an apparatus for recover- 
ing a PFC gas, which can readily bring cooling traps to 
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a cryogenic temperature with a low-capacity refrigerator 
and can recover a high-purity PFC gas by applying 
deep freeze separation without the need for using a 
multistage fractionator. 

5 

SUMMARY OF THE INVENTION 

[0009] The invention of Claim 1 relates to a process 
for recovering a PFC gas, comprising freezing and col- 
lecting a determined amount of a mixed gas containing io 
the PFC gas discharged from a vacuum processing 
chamber in a cooling trap, then stopping the operation 
of said cooling trap and passing the regenerated mixed 
gas emitted by vaporization of said frozen and collected 
gas through a non-PFC gas removal system to remove is 
gases other than the PFC gas from said regenerated 
mixed gas and provide a high-concentration of PFC 
gas, and recovering said high -concentration PFC gas. 
[0010] When deep freeze separation is used to 
freeze and collect a mixed gas containing a PFC gas 20 
discharged from a vacuum processing chamber in a 
cooling trap at or below the temperature which allows 
the target PFC gas to be trapped as defined above, 
1 00% of the PFC gas can be condensed In principle. On 
the contrary, membrane separation is not useful for effi- 25 
ciently recovering a PFC gas because the PFC gas to 
be concentrated escapes during concentration. 
[0011] The invention of Claim 2 relates to an appa- 
ratus for recovering a PFC gas from a mixed gas con- 
taining the PFC gas discharged from a vacuum 30 
processing chamber, comprising a cooling trap con- 
nected to the exhaust system of the vacuum processing 
chamber and adapted to freeze and collect the mixed 
gas discharged from said vacuum processing chamber, 
a non-PFC gas removal system for removing gases 35 
other than the PFC gas from the regenerated mixed gas 
emitted by vaporization of said frozen and collected gas 
after the operation of said cooling trap is stopped, and a 
recovery means for recovering a high-concentration 
PFC gas freed of gases other than the PFC gas in said <o 
non-PFC gas removal system. 

[0012] When the cooling trap is connected to the 
exhaust system of the vacuum processing chamber, i.e. . 
when the cooling trap is provided on the vacuum side as 
defined above, a small size, low-capacity refrigerator 45 
suffices to easily attain a cryogenic temperature. More- 
over, a high-concentration PFC gas can be obtained 
because the non-PFC gas removal system removes 
gases other than PFC gases (SiF 4 , C0 2 , HF, F 2 or the 
like herein referred to as non-PFC gases) from the so 
mixed gas emitted by vaporization of the frozen and col- 
lected gas after the operation of the cooling trap is 
stopped. 

[001 3] The invention of Claim 3 relates to the appa- 
ratus for recovering a PFC gas according to Claim 2, 55 
which comprises a first circulation loop for supplying the 
high-concentration PFC gas discharged from the non- 
PFC gas removal system to the recovery means and 



returning a part of the high-concentration PFC gas to 
the cooling trap, whereby a part of said high-concentra- 
tion PFC gas is supplied to the cooling trap via said first 
circulation loop. 

[0014] When a first circulation loop is provided as 
defined above to send the high -concentration PFC gas 
discharged from the non-PFC gas removal system to 
the cooling trap via the first circulation loop while sup- 
plying said high-concentration PFC gas to the recovery 
means, the regenerated mixed gas in the cooling trap 
can be rapidly sent over the high -concentration PFC 
gas to the non-PFC gas removal system. 
[001 5] The invention of Claim 4 relates to the appa- 
ratus for recovering a PFC gas according to Claim 3, 
which comprises a second circulation loop for returning 
a part of the high-concentration PFC gas discharged 
from the non-PFC gas removal system to the inlet side 
of the non-PFC gas removal system to constantly send 
the high-concentration gas to said non-PFC gas 
removal system via said second circulation loop. 
[0016] When a second circulation loop is provided 
as defined above to constantly send the high -concentra- 
tion gas to the non-PFC gas removal system via said 
second circulation loop, entrapment can be prevented. 
[0017] The invention of Claim 5 relates to the appa- 
ratus according to Claim 2, which comprises a vacuum 
pump provided on the inlet side of the non-PFC gas 
removal system. When a vacuum pump is provided on 
the inlet side of the non-PFC gas removal system to 
reduce pressure on the side of the non-PFC gas 
removal system as defined above, regeneration in the 
cooling trap can be performed under reduced pressure. 
Thus, the regeneration temperature of the cooling trap 
can be lowered to prevent inclusion of water vapor in the 
regenerated gas and to save the energy required to 
return the cooling trap to the cooling trap temperature 
after completion of regeneration. 
[0018] The invention of Claim 6 relates to the appa- 
ratus according to Claim 5, which comprises a circula- 
tion loop for supplying a part of the high-concentration 
PFC gas discharged from the non-PFC gas removal 
system as a gas for oil diffusion prevention and dilution 
to the vacuum pump. The invention of Claim 7 relates to 
the apparatus according to Claim 5 or 6, which com- 
prises a first circulation loop for supplying the high-con- 
centration PFC gas discharged from the non-PFC gas 
removal system to the recovery means and returning a 
part thereof to the cooling trap, whereby a part of said 
high-concentration PFC gas is supplied. to the cooling 
trap via said first circulation loop. 
[0019] The invention of Claim 8 relates to the appa- 
ratus for recovering a PFC gas according to any one of 
Claims 2 to 7, which comprises two cooling traps 
wherein a mixed gas containing the PFC gas dis- 
charged from the vacuum processing chamber is frozen 
and collected at one cooling trap while the operation of 
the other cooling trap is stopped to recover the PFC gas 
from the regenerated mixed gas emitted by vaporization 
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of the frozen and collected gas. 

[0020] When two cooling traps are provided and 8 
mixed gas containing a PFC gas discharged from the 
vacuum processing chamber is frozen and collected at 
one cooling trap while the cooling operation of the other 
cooling trap is stopped to recover the PFC gas from the 
regenerated mixed gas emitted by vaporization of the 
frozen and collected gas as defined above, continuous 
processing can be achieved without any interruption in 
the vacuum processing chamber even when the collect- 
ing ability of one cooling trap is lowered and is required 
to be regenerated, since the other cooling trap serves 
as a cooling side to freeze and collect the mixed gas 
discharged from the vacuum processing chamber. 
[0021] The present invention will now be described 
by way of examples with reference to the attached draw- 
ings. The following examples Illustrate a process and an 
apparatuses for recovering a PFC gas discharged from 
an etching chamber during a semiconductor manufac- 
turing process. The examples described below and 
shown in the drawings illustrate the embodiment com- 
prising two cooling traps for parallel operation as 
defined in Claim B. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

FIG. 1 shows vaporization curves of various gases. 
FIG. 2 shows an arrangement of a PFC gas recov- 
ery apparatus according to one embodiment of the 
/ present invention. 

FIG. 3 shows the emission gas levels measured at 
points A, B and C of the PFC gas recovery appara- 
tus of FIG. 2 and trap efficiencies. 
FIG. 4 shows the gas flow levels measured at 
points D and E of the PFC gas recovery apparatus 
of FIG. 2. 

FIG. 5 shows an arrangement of a PFC gas recov- 
ery apparatus according to another embodiment of 
the present invention. 

FIG. 6 shows an arrangement of a PFC gas recov- 
ery apparatus according to another embodiment of 
the present invention. 

FIG. 7 shows an arrangement of a PFC gas recov- 
ery apparatus according to another embodiment of 
the present invention. 

FIG. 8 shows an arrangement of a PFC gas recov- 
ery apparatus according to another embodiment of 
the present invention. 

FIG. 9 shows an arrangement of a PFC gas recov- 
ery apparatus according to another embodiment of 
the present invention. 

FIG. TO shows an arrangement of a non-PFC gas 
removal system suitable for use in the present 
invention. 



PREFERRED EMBODIMENTS OF THE INVENTION 

[0023] Fig. 2 shows an arrangement of a PFC gas 
recovery apparatus according to one embodiment of the 

5 present invention. 

[0024] In Fig. 2, reference numeral 1 represents an 
etching chamber in which is provided an exhaust sys- 
tem comprising a dry pump 2 and a toxic gas removal 
system 3 connected to each other via a piping 4. 

10 Between etching chamber 1 and dry pump 2 are con- 
nected two cooling traps 5 and 6 in parallel via switching 
valves 7, 8 and switching valves 9, 1 0, and cooling traps 
5 and 6 are connected via switching valve 1 1 . 
[0025] The following elements are also shown: a 

is . pressure sensor 12 for detecting the pressure at the 
outlet of the etching chamber; a pressure sensor 13 for 
detecting the internal pressure in cooling trap 5; a pres- 
sure sensor 14 for detecting the internal pressure in 
cooling trap'6; a halogen detector 15 provided in piping 

20 5 on the inlet side of dry pump 2; a pressure sensor 16; 
a halogen detector 17 provided in piping 4 on the dis- 
charge side of dry pump 2; a switching verve 18; a non- 
PFC gas removal system 19; a switching valve 20; and 
a pressure sensor 21 . 

25 [0026] In the PFC gas recovery apparatus having 
the above structure, one of the two cooling traps 5, 6 is 
operated as a cooling side to freeze and collect a mixed 
gas containing a PFC gas discharged from etching 
chamber 1, while the operation of the other cooling trap 

30 Is stopped as a regeneration side to remove gases other 
than the PFC gas (non-PFC gases) from the regener- 
ated mixed gas emitted by vaporization of the mixed gas 
frozen and collected at said one cooling trap and 
recover the PFC gas. In the operation described below, 

35 cooling trap 5 is operated as a cooling side to freeze 
and collect a mixed gas while cooling trap 6 is out of 
operation as a regeneration side to recover a PFC gas. 
[0027] Cooling trap 5 serving as a cooling side is 
preliminarily operated at a predetermined constant low 

40 temperature, and switching valves 7 and 8 are opened 
while switching valves 9, 1 0 and 1 1 are closed. A refrig- 
erator not shown of cooling trap 6 serving as a regener- 
ation side is stopped to raise the temperature of cooling 
trap 6. Switching valve 18 is connected to cooling trap $ 

45 on a regeneration side out of operation. Switching valve 
18' connected to cooling trap 5 in cooling operation is 
closed. 

[0028] A mixed gas containing a PFC gas dis- 
charged from etching chamber 1 passes through 

so switching valve 7 to cooling trap 5 on a cooling side 
where it is collected and frozen. Exhaust gas having 
passed cooling trap 5 passes through dry pump 2 to a 
toxic gas removal system 3 from which it is discharged. 
Exhaust gas passing through dry pump 2 is reduced by 

55 nitrogen (N 2 ) gas introduced for the purpose of prevent- 
ing diffusion of lubricating oils and diluting reactive 
gases in said dry pump 2. Hazardous reactive gases 
are removed at toxic gas removal system 3. 
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[0029] The limit at which cooling trap 5 can collect 
(trap) a mixed gas is determined by the outputs of halo- 
gen detectors 15 and 17, a temperature sensor not 
shown in cooling trap 5, pressure sensor 12 and pres- 
sure sensor 16. Namely, the limit of the cooling trap is 5 
determined by output changes of halogen detector 16 or 
1 7, temperature rise in cooling trap 5, pressure rise or 
pressure differences between inlet and outlet sides of 
cooling trap 5 when no more PFC gas can be collected. 
[0030] When a PFC gas Is to be recovered from the io 
frozen and collected mixed gas collected at cooling trap 
6 on a regeneration side, switching valve 7 on the inlet 
side and switching valve 8 on the outlet side of cooling 
trap 5 for next operation are opened to prevent the 
mixed gas flowing from etching chamber 1 from stop-. 15 
ping before switching valve 9 on the Inlet side and 
switching valve 10 on the outlet side of cooling trap 6 
are closed. Then, switching valves 9 and 10 are closed. 
At this instant, switching valves 1 1 and 1 8 have already 
been closed. 20 
[0031] When the operation of the refrigerator not 
shown of cooling trap 6 Is stopped, the temperature of 
cooling trap 6 begins to rise. The pressure differs 
between the sides of cooling trap 6 and non-PFC gas 
removal system 19 separated by switching valve 18, 25 
and the pressure on the side of cooling trap 6 is nega- 
tive. In order to prevent backflow of gas from non-PFC 
gas removal system 19, the pressure on the side of 
cooling trap 6 needs to be raised. Thus, the temperature 
of cooling trap 6 Is first raised. As the temperature of 30 
cooling trap 6 rises, the mixed gas frozen and collected 
at said cooling trap 6 vaporizes and the pressure on the 
side of cooling trap 6 gradually increases. 
[0032] Once the pressure on the side of cooling trap 
6 becomes equal to or higher than that on the side of 35 
non-PFC gas removal system 19, switching valve 18 is 
opened. The pressure condition Is determined from the 
outputs of pressure sensors 14 and 21. A temperature 
rise of cooling trap 6 may be accomplished without tem- 
perature control by completely stopping the operation of 40 
a cooling means such as a refrigerator, or may be 
accomplished under temperature control by regulating a 
temperature rise or maintaining an appropriate temper- 
ature via a heater and a cooling means such as a refrig- 
erator on cooling trap 6. as 
[0033] The regenerated mixed gas containing a 
PFC gas emitted by vaporization of the frozen and col- 
lected mixed gas in cooling trap 6 enters non-PFC gas 
removal system 19, where It is freed of non-PFC gases 
and discharged as a highly-pure PFC gas. The regener- 50 
ation state resulting from vaporization of the frozen and 
collected mixed gas is monitored from the outputs of 
pressure sensors 14 and 21 and a temperature sensor ' 
not shown in cooling trap 6. 

[0034] Once regeneration of the mixed gas is termi- 55 
nated, cooling trap 6 is prepared for cooling. This cool- 
ing may be carried out either after the pressure in 
cooling trap 6 is lowered or immediately, without any 



reduction in pressure. In the former case, a switching 
valve 1 1 is employed, but is not employed in the latter 
case. 

[0035] . Following is a description of a case In which 
a switching valve 1 1 is employed. 
[0036] When switching valve 1 1 is opened to create 
negative pressure in cooling trap 6, the gas in cooling 
trap 6 flows through switching valve 1 1 to cooling trap 5 
and Is frozen and collected In said cooling trap 5 again. 
Switching valve 11 may simply perform a switching 
function, or fixed or variable orifices may be provided 
upstream and downstream of said switching valve 1 1 as 
required, or there may be provided aperture-variable 
orifices or aperture-variable switching valves associated 
with the trap temperature at the side of cooling-trap 5, 
pressure sensor 13 or halogen detectors 15, 17. In this 
case there is simply used a switching valve 1 1 . The tim- 
ing of closing of switching valve 1 1 is determined from 
an internal pressure in cooling trap 6 by pressure sen- 
sor 14. 

[0037] To stop operation of cooling trap 5 to thereby 
regenerate the collected mixed gas, switching valve 1 B' 
Is opened by the same procedure as described above in 
relation to switching valve 18 to connect cooling trap 5 
and non-PFC gas removal system 19. 
[0038] In order to examine the amount of gas dis- 
charged from etching chamber 1 and frozen and col- 
lected at cooling trap 5 on a cooling side in the PFC gas 
recovery apparatus having the above structure, the 
amount of emission gas is measured at points A and B 
in Fig. 2. The measurement results are shown in Fig. 3. 
The difference between gas flow rates (seem) at A and 
B represents the amount of gas collected at cooling trap 
5, and the proportion of the gas frozen and collected to 
the gas entering cooling trap 5 is shown as 'trap effi- 
ciency (%)". 

[0039] As shown in Fig. 3, a PFC gas CF 4 is frozen 
and collected at a high trap efficiency of 95%, and non- 
PFC gases having a vapor pressure temperature higher 
than that of CF 4 such as C0 2 , SiF 4 and HF (see Fig. 1) 
are frozen and collected at high trap efficiencies of 85%, 
90% and 98%, respectively. The trap efficiencies of CO, 
F 2 and O z having a vapor pressure temperature lower 
than that of CF 4 are as low as 4%, 10% and 3%, respec- 
tively. 

[0040] Hazardous reactive gases are removed at 
toxic gas removal system 3, as determined from gas 
flow rates (seem), (concentration in ppm) at point C in 
Fig. 2. Fig. 3 shows gas flow rates (seem), (ppm con- 
centration) at point C. As shown from Rg. 3, hazardous 
gases such as SiF 4 , F 2 , HF have been removed at toxic 
gas removal system 3. The flow rate of diluting N 2 here 
is 1800 seem. The PFC gas content in gases at point C 
is as low as about 160 ppm and thus may be directly 
exhausted to the atmosphere. 

[0041] The nature of the gas discharged from cool- 
ing trap 6 on a regeneration side is ascertained by 
determination at D in Fig. 2. The results are shown in 
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Fig. 4. As shown in Fig. 4, the discharged gas contains 
CF 4 as a PFC gas and CO, C0 2 , SiF 4 , F 2 , HF and 0 2 
as non-PFC gases. When 25 wafers of 8 inches (diam- 
eter 200 mm) were treated In an etching chamber, the 
amounts of gas components trapped were CF 4 = 2700, 
CO = 20, C0 2 = 2100, SiF 4 = 216, F 2 = 67, HF = 940 
and 0 2 = 5 (ml), and the gas flow at E in Fig. 2 after hav- 
ing passed non-PFC gas removal system 19 showed 
CF 4 = 2700 (ml) in contrast to zero for other gases. This 
means that essentially 100% of CF 4 frozen and col- 
lected at cooling trap 6 could be recovered. 
[0042] Fig. 5 shows an arrangement of a PFC gas 
recovery apparatus according to Claim 3. Here, com- 
pressor 22 is provided after non-PFC gas removal sys- 
tem 19, and first circulation loop 23 is provided for 
connecting the discharge side of said compressor 22 
and cooling trap 6 via switching valve 24. Thus, com- 
pressor 22 is provided to force the high-concentration 
PFC gas exiting non-PFC gas removal system 1 9 to the 
recovery side (purification side) during recovery when 
switching valve 20 is opened. During regeneration, first 
circulation loop 23 opens switching valve 24 to transfer 
the high-concentration PFC gas to cooling trap 6 on a 
regeneration side. Thus, the regenerated gas In cooling 
trap 6 can be rapidly transferred to non-PFC gas 
removal system 19. Although compressor 22 is pro- 
vided after non-PFC gas removal system 19 to smooth 
the supply of the returning gas by raising the pressure of 
the high-concentration PFC gas to be returned to cool- 
ing trap 6 above the pressure in the cooling trap in the 
embodiment shown in Fig. 5, such a step may not be 
required. In place of the compressor provided after the 
non-PFC gas removal system in this manner, any suita- 
ble pressure control means known to those skilled in the 
art can be provided in return piping 23 to smooth gas 
flow returned to cooling trap 6. This may also apply to 
other embodiments of the present invention described 
below. 

[0043] In the PFC gas recovery apparatuses 
according to the embodiments shown in Fig. 5 and Figs. 
6 to 9 described beiow, cooling trap 5 on cooling opera- 
tion side is also connected to a regeneration line con- 
sisting of non-PFC gas removal system 1 9 or the like via 
switching valves similarly to cooling trap 6 and in the 
same manner as the apparatus shown in Fig. 2, and the 
cooling operation of cooling trap 5 is stopped to regen- 
erate the collected gas by operating these switching 
valves to connect cooling trap 5 with a regeneration line 
consisting of non-PFC gas removal system 19 or the 
like so as to accomplish regeneration of the collected 
gas, removal of non-PFC gases and concentration and 
recovery of a PFC gas, though connection between 
cooling trap 5 and the regeneration line is omitted in 
Figs. 5 to 9 for the sake of simplicity. 
[0044] Rg. 6 shows an arrangement of a PFC gas 
removal apparatus according to another embodiment of 
the present invention as defined in Claim 4. Here is pro- 
vided a second circulation loop 26 for connecting the 



discharge side of compressor 22 and the inlet side of 
non-PFC gas removal system 1 9 via constant flow con- 
trol valve 25. Said second circulation loop is provided to 
always circulate gas to avoid entrapment which has a 

5 negative effect on compressor 22. Thus, b vacuum can 
be rapidly drawn in cooling trap 6. 
[0045] Fig. 7 shows an arrangement of a PFC gas 
recovery apparatus according to another embodiment 
of the present invention as defined in Claim 5. Here is 

io provided vacuum pump 27 on the Inlet side of non-PFC 
gas removal system 19. Vacuum pump 27 is preferably 
a dry pump. When a vacuum pump is provided on the 
inlet side of the non-PFC gas removal system in this 
manner, the pressure on the side of the non-PFC gas 

15 removal system can be reduced, whereby a regenera- 
tion operation of cooling trap 6 can be performed under 
reduced pressure and the regeneration temperature of 
cooling trap 6 can be kept low. Therefore, water vapor is 
unable to enter the regenerated gas when the tempera- 

20 ture is raised to around room temperature during regen- 
eration of the cooling trap, and the energy required to 
cool cooling trap 6 to a predetermined cooling tempera- 
ture can be saved when it is returned to cooling opera- 
tion after completion of regeneration because cooling 

25 trap 6 is kept at low temperature even during the regen- 
eration step. Vacuum pump 27 can also be used to rap- 
idly evacuate cooling trap 6 for returning to a cooling 
operation after completion of regeneration in cooling 
trap 6. 

30 [0046] Fig. B shows an arrangement of a PFC gas 
recovery apparatus according to another embodiment 
of the present invention as defined in Claim 6. In this 
embodiment, a part of the high-concentration PFC gas 
discharged from non-PFC gas removal system 19 of the 

35 PFC gas recovery apparatus shown in Fig. 7 is supplied 
to dry pump 27 as a gas for oil diffusion prevention and 
dilution in the dry pump. In the embodiment shown in 
Fig. 8, compressor 22 is provided after non-PFC gas 
removal system 19 to supply the high-concentration 

40 PFC gas discharged from compressor 22 as a gas for 
oil diffusion prevention and dilution in dry pump 27 via 
circulation loop 26 and constant flow control valve 25. 
This compressor 22 may, as needs dictate, be replaced 
with some other pressure control means, as explained 

45 above. When a part of the high -concentration PFC gas 
is supplied to dry pump 27 as a gas for oil diffusion pre- 
vention and dilution as shown in Fig. 8, the regenerated 
PFC gas can be sent to a non-PFC gas removal system 
without dilution. However, this arrangement Is not nec- 

50 essary when the dry pump used does not require any 
gas for oil diffusion prevention and dilution. When the 
recovered PFC gas is used for the application that is not 
influenced by inclusion of nitrogen, a part of the high- 
concentration PFC gas may not be circulated but 

55 instead, N 2 gas may be externally supplied as a gas for 
oil diffusion prevention and dilution to the dry pump. 
[0047] The apparatuses according to the embodi- 
ments shown in Figs. 7 and 8 may also be designed to 



6 

06/16/2003, EAST Version: 1.03.0002 



11 



EP 1 052 466 A1 



12 



circulate a part of the high-concentration PFC gas dis- 
charged from the non-PFC gas removal system to cool- 
ing trap 6 similarly to the embodiment shown in Fig. 5. 
As a specific example thereof, Fig. 9 shows a PFC gas 
recovery apparatus comprising a first circulation loop for 5 
circulating a part of the high-concentration PFC gas dis- 
charged from the non-PFC gas removal system to cool- 
ing trap 6 and a second circulation loop for supplying 
another part to the dry pump. 

[0048] In the PFC gas recovery apparatus having w 
the above structure, the refrigerator used for cooling 
traps 5, 6 should be capable of cooling to a temperature 
at which all the target PFC gases to be recovered con- 
dense. Among target PFC gases to be recovered, CF 4 
has the lowest temperature-vapor pressure curve as is 
shown in vapor pressure diagrams. It is desirable to use 
a cooler capable of ensuring a temperature of about - 
230°C when gases such as C0 2 or Ar are included, 
though simple CF 4 gas has a condensation temperature 
of about -200°C at the order of 0.1 Torr. 20 
[0049] A simple means which can be employed to 
ensure said low temperature is the use of a small-size, 
low temperature refrigerator employing GM cycles, 
Solvay cycles, Sterling cycles, JT valve cycles or the 
like, or the use of liquid nitrogen. 25 
[0050] However, not all species of PFC gases can 
be collected by the use of liquid nitrogen because liquid 
nitrogen has a boiling point of -196°C which is lower 
than said temperature of -200°C or -230°C. Employing 
liquid nitrogen is not always a simple means because 30 
bulky equipment is required for the supply of liquid nitro- 
gen in large-scale manufacturing facilities, as opposed 
to the small-scale use in laboratories and so on. 
[0051] On the other hand, a small-size, low temper- 
ature refrigerator employing GM cycles, Solvay cycles, as 
Sterling cycles, JT valve cycles or the like is a cryogenic 
refrigerator using helium as a coolant and having a 
compact and powerful compressor and a low tempera- 
ture refrigerator part A single-stage GM cycle refrigera- 
tor is used here. 40 
[0052] The purpose of non-PFC gas removal sys- 
tem 19 is to remove non-PFC gases from the gas 
regenerated in cooling trap 6 on a regeneration side to 
give a high -concentration PFC gas. The design of non- 
PFC gas removal system 19 will be readily appreciated as 
by those skilled in the art, depending on the non-PEC 
gases to be removed varying with the demands in the 
application of the recovered gas. An example is 
described below for the case where the following three 
categories of gas are removed: so 

1 ) Acid gases: SiF 4 , F 2 , HF, C0 2 , etc. 

2) Reducing gases: CO, etc. 

3) Combustion-supporting gases: 0 2 , etc. 

55 

[0053] Fig. 8 shows an arrangement of non-PFC 
gas removal system 19. Non-PFC gas removal system 
19 has first cylinder 19-1 and second cylinder 19-2 as 



shown in Rg. 8. First cylinder 19-1 and second cylinder 
19-2 are connected via switching valve 19-3, and 
switching valve 19-4 is connected to the discharge port 
of second cylinder 19-2. 

[0054] First cylinder 1 9-1 contains an alkaline agent 
1 9-1 a for neutralizing said acid gases, moisture adsorb- 
ent 19-1 b for adsorbing H 2 0, metal oxidant 19-1c tor 
converting CO into C0 2 and alkaline agent 19-1d for 
neutralizing C0 2 . Second cylinder 19-2 contains deoxy- 
genating agent 19-2a for removing 0 2 . 
[0055] The gas regenerated In cooling trap 6 on a 
regeneration side and discharged is a mixed gas of 
CF 4 , 0 2 , SiF 4 , F 2 , C0 2 , CO, HF, from which other gases 
than 0 2 , i.e. SiF 4 , F 2 , C0 2 , CO, HF or the like are 
removed in first cylinder 19-1. The mixed gas dis- 
charged from first cylinder 19-1 Is freed of 0 2 in second 
cylinder 19-2, and the remaining CF 4 gas is discharged 
from second cylinder 19-2. After 0 2 is adsorbed to sat- 
uration in second cylinder 19-2, only said second cylin- 
der 19-2 is removed (or switching valves 19-3 and 19-4 
are closed) and 0 2 is redischarged by introduction of H 2 
and heating by a heater so that deoxygenatlng agent 
1 9-2a can be recycled. 

[0056] As described above, the design of the non- 
PFC gas removal system varies with the nature of the 
non-PFC gas to be removed in the application of the 
recovered gas. If the recovered PFC gas is used in 
applications that are not influenced by inclusion of 0 2 
(I.e. not influenced by inclusion of 0 2 in the recovered 
PFC gas), for example, said deoxygenating agent 1 9-2a 
is unnecessary. 

[0057] A toxic gas removal system 3 used to 
remove reactive hazardous gases from the gas dis- 
charged from cooling trap 5 in a cooling operation may 
have a similar structure to that of non-PFC gas removal 
system 1 9 described above. 

[0058] Although recovery of CF 4 as a representa- 
tive example of PFC gases has been described in the 
foregoing examples, the present invention is also appli- 
cable to regeneration and recovery of other PFC gases 
such as C 2 F 6 , C 3 F 8) C 2 F 4 , CHF 3 , C 4 F 8 . The present 
invention is also applicable to recovery of a PFC gas 
from.a mixed gas of the PFC gas and non-PFC gases 
such as SiF 4l F 2 , C0 2 , Ar and HF discharged from a 
vacuum processing chamber during semiconductor 
manufacturing processes, by appropriately selecting 
chemicals used in the non-PFC gas removal system, so 
that the mixed gas is frozen and collected in a cooling 
trap and the PFC gas is recovered from the regenerated 
mixed gas emitted by vaporization of the frozen and col- 
lected gas. 

INDUSTRIAL APPLICABILITY 

[0059] As will be apparent from the foregoing 
description, the present invention provides the following 
highly advantageous effects. 

[0060] In accordance with the present invention, a 
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PFC gas recovery process can be provided, comprising 
regenerating a mixed gas frozen and collected at high 
trap efficiency in a cooling trap and removing non-PFC 
gases from said regenerated mixed gas in e non-PFC 
gas removal system to give a high -concentration PFC 
gas, after which said high-concentration PFC gas can 
be recovered at a high efficiency. 
[0061] Also according to the present invention, a 
PFC gas recovery apparatus can be provided, compris- 
ing b cooling trap connected to the exhaust system of a 
vacuum processing chamber and adapted to freeze and 
collect a mixed gas discharged from said vacuum 
processing chamber, and a non-PFC gas removal sys- 
tem for removing non-PFC gases from the regenerated 
mixed gas emitted by vaporization of said frozen and 
collected gas after the operation of said cooling trap Is 
stopped to recover a high-concentration PFC gas freed 
of non-PFC gases in said non-PFC gas removal sys- 
tem, whereby said high-concentration PFC gas can be 
recovered with high efficiency. 

[0062] According to another embodiment of the 
present invention, a PFC gas recovery apparatus com- 
prising two cooling traps can be provided, wherein a 
mixed gas containing a PFC gas discharged from a vac- 
uum processing chamber is frozen and collected at one 
cooling trap while the operation. of the other cooling trap 
is stopped to recover the PFC gas from the mixed gas 
emitted by vaporization of the frozen and collected gas, 
whereby the PFC gas can be recovered without inter- 
rupting the process in the vacuum processing chamber. 

Claims 

1. A process tor recovering a PFC gas, comprising 
freezing and collecting a determined amount of a 
mixed gas containing the PFC gas discharged from 
a vacuum processing chamber in a cooling trap, 
then stopping the operation of said cooling trap and 
passing the regenerated mixed gas emitted by 
vaporization of said frozen and collected gas 
through a non-PFC gas removal system to remove 
gases other than the PFC gas from said regener- 
ated mixed gas and give a high -concentration PFC 
gas, and recovering said high-concentration PFC 
gas. 

2. An apparatus for recovering a PFC gas from a 
mixed gas containing the PFC gas discharged from 
a vacuum processing chamber, comprising a cool- 
ing trap connected to the exhaust system of the 
vacuum processing chamber and adapted to freeze 
and collect the mixed gas discharged from said vac- 
uum processing chamber, a non-PFC gas removal 
system' for removing gases other than the PFC gas 
from the regenerated mixed gas emitted by vapori- 
zation of said frozen and collected gas after the 
operation of said cooling trap is stopped, and a 
recovery means for recovering a high-concentration 



PFC gas freed of gases other than the PFC gas in 
said non-PFC gas removal system. 

3. The apparatus for recovering a PFC gas according 
5 to Claim 2, which comprises a first circulation loop 

for supplying the high-concentration PFC gas dis- 
charged from said non-PFC gas removal system to 
said recovery means and returning a part of said 
high-concentration PFC gas to said cooling trap, 
70 whereby a part of said high-concentration PFC gas 
is supplied to said cooling trap via said first circula- 
tion loop. 

4. The apparatus for recovering a PFC gas according 
15 to Claim 3, which comprises a second circulation 

loop for returning a part of the high-concentration 
PFC gas discharged from said non-PFC gas 
removal system to the inlet side of said non-PFC 
gas removal system to constantly supply the high- 
20 concentration gas to said non-PFC gas removal 
system via said second circulation loop. 

5. The apparatus for recovering a PFC gas according 
Claim 2, which comprises a vacuum pump on the 

25 inlet side of said non-PFC gas removal system. 

6. The apparatus for recovering a PFC gas according 
to Claim 5, which comprises a circulation loop for 
supplying a part of the high -concentration PFC gas 

30 discharged from said non-PFC gas removal system 
as a gas for oil diffusion prevention and dilution to 
said vacuum pump. 

7. The apparatus tor recovering a PFC gas according 
35 to Claim 5 or 6, which comprises a circulation loop 

for returning a part of the high-concentration PFC 
gas discharged from said non-PFC gas removal 
system to said recovery means, whereby a part of 
said high-concentration PFC gas is supplied to said 
40 cooling trap via said circulation loop. 

8. The apparatus for recovering a PFC gas according 
to any one of Claims 2 to 7, which comprises two 
cooling traps wherein a mixed gas containing the 

<5 PFC gas discharged from the vacuum processing 
chamber is frozen and collected at one cooling trap 
while the operation of the other cooling trap is 
stopped to recover the PFC gas from the regener- 
ated mixed gas emitted by vaporization of said fro- 

50 zen and collected gas. 
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